1976. -In anesthetized vagotomized dogs and cats the circumflex and/or the anterior descending coronary artery were briefly occluded (5-90 s), and ectopic beats occurring during the occlusion and for 60 s following release were counted. When arrhythmias were regularly produced for a given occlusion, the dorsal roots from C, to T5 were transected and the occlusions were repeated. Dorsal root section produced minor changes in heart rate and blood pressure. Dogs and cats did not differ in their responses. Dorsal root section was performed in eight animals and decreased the absolute number of ectopic beats by 63 t 19% compared to control values (P < 0.05). In four animals the effect on ectopic beats produced by repeated occlusions without dorsal root section was investigated and found to be increased by 35 t 24% compared to control values. Most of the somatic afferents contained in the dorsal roots were damaged by the surgical preparation.
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Therefore, repeated occlusions and interruption of somatic afferents do not appear to have influenced our results. The arrhythmogenic interaction between the local effects of myocardial ischemia and the sympathetic activity, whose outflow contained in the ventral roots remained intact, was still possible after dorsal root section and this explains why ectopic beats were reduced but not almost suppressed as is usually the case after bilateral stellectomy.
We conclude that dorsal root section reduces the number of ectopic beats associated with short-lasting coronary artery occlusions and that the most likely mechanism is the interruption of the cardiocardiac sympathetic reflex which depends upon afferent fibers running through the dorsal roots. sympathetic afferent fibers; cardiocardiac sympathetic reflexes; premature ven .tricular beats CORONARY ARTERY OCCLUSION (CAO) in dogs produces arrhythmias which are greatly reduced by bilateral stellectomy (8). This indicates that the arrhythmias associated with a short-lasting CA0 depend at least in part on the interaction between the local effects of myocardial ischemia such as accumulation of lactic acid, fall in pH and increase in extracellular potassium ('7) and the cardiac sympathetic activity.
Since cardiac sympathetic nerves transmit tonic efferent activity (l), it is important to distinguish between effects of this tonic cardiac sympathetic activity during CA0 or of an increased cardiac sympathetic activity, since the latter would suggest the participation of reflex mechanisms in the production of arrhythmias.
Increases in cardiac sympathetic activity may occur during CA0 as a result of a baroreceptive (15) or of a cardiocardiac reflex (13). Cardiac sympathetic afferent activity increases during myocardial ischemia (2, 12) and CA0 elicits a reflex increase in cardiac sympathetic activity (3, 13) which is not only present in intact but also in spinal animals indicating its dependence upon cardiac sympathetic afferent fibers projecting to the spinal cord (12).
In the present experiments the possible role of cardiac sympathetic afferent activity in the occurrence of arrhythmias during short-lasting CA0 was evaluated. This was accomplished by studying the effect of sectioning the dorsal roots of the C, to T, segments of the spinal cord, which constitute the main sympathetic sensory input from the heart to the central nervous system. The possibility of baroreceptor reflexes was not impaired because the ventral roots, which contain the sympathetic outflow, remained intact. It was found that dorsal root section decreases the number of ectopic beats associated with CAO.
METHODS
Experiments were performed in 30 dogs (15-25 kg) and in 7 cats (3-4.5 kg) anesthetized with ar-chloralose (80 mg/kg). The animals were ventilated with room air by means of a cuffed endotracheal tube (dogs) or of a tracheal cannula (cats) connected to a Harvard respirator. The vagi were cut at the beginning of all experiments in order to increase sympathetic activity and to avoid sympathovagal interactions (16). A femoral artery was cannulated with a woven Dacron catheter which was positioned in the descending aorta.
In dogs, the heart was exposed by making an incision between the fourth and fifth ribs on the left side of the thorax. In cats, the second through fifth ribs were removed to allow convenient access to the heart. The descending and the circumflex branches of the left coronary artery were dissected free from surrounding tissues and a suture was placed around them and was Each ectopic beat was assigned the value of 1 for the purposes of analysis. In the cat experiments ventricular fibrillation occurred at times and could be reverted to normal sinus rhythm. In these instances each episode of ventricular fibrillation was assigned the arbitrary value of 10 for the purposes of analysis. The aim of the occlusions was to produce arrhythmias, but the longer the occlusion, the greater the possibility of ventricular fibrillation. For this reason the occlusions were kept as short as possible. Occlusions of both arteries were started when preliminary occlusions of the descending or of the circumflex did not produce arrhythmias. In preliminary trials the duration of the occlusions was determined by the occurrence of several arrhythmias, by major ECG changes usually harbingers of ventricular fibrillation or by reaching 90 s of occlusion. Once the as controls for evaluating the effect of time and repeated occlusions on the production of ectopic beats. Like all RESULTS the others, these animals had their dorsal roots exposed.
Obtaining a consistent and comparable number of The averages of ectopic beats per trial occurring dur-ectopic beats proved to be one of the most difficult tasks: ing control conditions and after dorsal root section were in 20 dogs and 5 cats it was impossible to elicit constant compared for each experiment and a paired-t test was arrhythmias, and in many of these no arrhythmias were used for statistical analysis. Values in the text repre-produced with CA0 lasting 90 s. In seven of these dogs sent means t standard deviations. ventricular fibrillation occurred without warning ar- rhythmias, especially at release of occlusion. In 10 dogs and 2 cats, constant and reproducible arrhythmias followed CA0 and they constitute our study.
The effect of dorsal root section was studied in eight experiments.
In all of them a reduction in the number of ectopic beats associated with short-lasting CA0 was observed (Table 1) . This decrease (-63 k 19%) was statistically significant (P < 0.05). After the preliminary trials, the dorsal roots already being exposed and the vagi cut, the BP and HR in the intact dogs, in the dogs with right stellectomy, and in cats were, respectively:
128 + 12 mmHg and 184 k 4 beats/min; 148 & 6 mmHg and 143 2 10 beats/min; 180 k 20 mmHg and 207 rt 8 beats/min.
It is important that the effect of dorsal root section was independent of the differences in control HR and BP. At the end of the occlusion BP was lowered, but only in a few cases fell to 75-85 mmHg. HR usually increased and this was more evident in the cats than in the dogs. Dorsal root section produced minor changes in the animals' general conditions. BP was reduced by 5-10 mmHg and HR usually increased 5-10 beats/min. The fact that arrhythmias were always reduced but never suppressed by dorsal root section, with the exception of experiment 5, was one of the characteristic features of our results. As evident in Fig. 2 , arrhythmias often occurred without any preceding change in BP. The possibility that the reduction in the arrhythmias after dorsal root section might depend upon the effect of repeated occlusions was investigated.
In four dogs with the dorsal roots exposed in which arrhythmias were consistently produced (6, 3, 1. experiment there was no change and in the other three there was an increase in the number of ectopic beats compared to control occlusions (+33%, +40%, +67%). These data show a high individual variability in the response to repeated CAO, but a decrease was never observed in the number of ectopic beats as was found after dorsal root section. DISCUSSION Dorsal root section significantly decreased the number of ectopic beats associated with short lasting CAO. It is noteworthy that this occurred in all the experiments in which dorsal root section was performed. Twelve animals were studied due to the extreme difficulty in obtaining reproducible and constant arrhythmias with brief CAO.
Before we can draw any conclusion from these data it is necessary to: 1) establish that the changes in the occurrence of arrhythmias were a direct effect of dorsal root section, 2) examine which component of the dorsal roots might have been responsible for the effect and through what mechanism, and 3) examine whether the conclusions emerging are consonant with the known facts concerning both arrhythmias and the sympathetic nervous system.
1) Relationship
Between Dorsal Root Section And Arrhythmias
The major limitation of these experiments consists of the fact that dorsal root section is an irreversible proce-I set beats, marked by asterisks, which result in runs of ventricular tachycardia.
In B, same occlusion after dorsal root section produces only a few ectopic beats. dure and, as such, does not allow a return to control conditions in order to rule out the possibility that any change observed might be simply the result of changes in conditions of the animals. The four experiments in which dorsal root section was not performed and in which the ectopic beats increased with time and repeated occlusions represent a good argument against this possibility and suggest that the decrease in the arrhythmias associated with CA0 was indeed the consequence of dorsal root section.
2) Dorsal Root Components And Possible Mechanisms
The dorsal roots are composed of fibers which transmit sensory information from somatic and visceral receptive fields. Dorsal root section would interrupt both the somatic and the visceral input. Interruption of the somatic input does not appear to account for the decrease in the number of arrhythmias observed in our study after dorsal root section, because changes in the number of ectopic beats still occurred when the ribs, muscles and skin were removed from the left side in the cat experiments.
This procedure should largely damage or destroy the cutaneous and muscle nerves which would have their input through the dorsal roots.
It seems, therefore, that the changes in arrhythmias resulted from sectioning the visceral input. The visceral component of dorsal roots contains sympathetic afferent fibers with cardiac endings (12) and thoracic vascular and nonvascular nervous endings (10) including fibers originating from the lungs and aorta (unpublished observations).
Since arrhythmias sometimes occurred within seconds from the beginning of the occlusion and before changes in BP, it seems unlikely that extracardisc receptors played a significant role. In contrast, cardiac sympathetic receptors are rapidly activated by coronary arterial occlusion (12). Cardiac sympathetic afferent fibers are comprised of several types: A6 fibers having a discharge in phase with cardiac activity and which are excited by the mechanical changes resulting from myocardial ischemia (12), A6 fibers which do not possess cardiac rhythm and which are often excited with very short latency (3), and C fibers which are also excited by CA0 (20). The reduction in arrhythmias following dorsal root section may depend upon the interruption of these sympathetic fibers of cardiac origin. Section of cardiac sympathetic afferent fibers may reduce arrhythmias associated with short-lasting CA0 through two mechanisms: a) Since some of these afferents have a tonic activity (12), their section may result in a reduction in the sympathetic efferent activity.
The following data suggest however that this is not the main mechanism, although it may have contributed to our results. In electrophysiological studies, in which the activity of single efferent sympathetic preganglionic fibers was studied, no marked difference was observed in the background activity following section of the afferent fibers (bilateral sympathectomy from the stellate ganglion to T,) and of the dorsal roots (11, 14). This is not surprising because, under resting conditions, the tonic activity of afferent cardiac sympathetic fibers is fairly low. In addition, dorsal root section does not necessarily interrupt all afferent input from the periphery.
Recent data show that the ventral roots contain a significant number of unmyelinated fibers with receptive fields in the viscera which transmit sensory information (4-6). Furthermore, should the section of these afferents significantly affect the resting sympathetic outflow, major changes should be evident in HR and BP. This was not the case despite the fact that, since all animals were vagotomized, compensatory mechanisms could not be exerted. b) The section of cardiac sympathetic afferents may affect the occurrence of arrhythmias associated with CA0 by removing the afferent limb of an excitatory reflex. CA0 increases efferent sympathetic activity through a cardiocardiac sympathetic reflex depending upon afferent fibers entering the spinal cord (13). Therefore, this reflex increases the number of electrical im-of a coronary artery in the canine heart. J. EZectrocardioZ. 
